The affinity of bitumen and aggregates is one of the most important factors influencing durability of the asphalt mixture and then the asphalt pavement, especially when the freeze-thaw period occurs. There are many methods of testing this property. Presently, the method according to EN 12697-11 (A: rolling bottles) 
INTRODUCTION
Many factors influence the durability of asphalt used in pavement construction. One of them is the adhesion of bitumen to the mineral aggregate. In asphalt, bitumen acts as a binder bonding the grains of aggregate, which bonding affects, among others, the mechanical strength of the asphalt course, including its resistance to cracking. It can be said that the adhesion of bitumen to the aggregate to a large extent determines the durability of the road pavement, additionally influencing its water-tightness and resistance to the hardening processes that occur during use of the road. The affinity of bitumen with aggregate depends on the properties of the aggregate such as moisture, dust (cleanness), porosity, ability to absorb bitumen, the micro-texture of the granules, the chemical type (conventionally: acidic, alkaline and in-between), as well as the properties of the bitumen such as viscosity, adhesion, composition group and acid number. Apart from the influence of the particular materials, a large influence on the durability of the bitumen and aggregate binding is exerted by properties of the asphalt, such as bitumen content, the amount of voids, permeability, type of filler, granulation etc. [Read et al. 2003; Abu-Qudais 2007] . A critical analysis of the theories describing the mechanism of loss of affinity between bitumen and aggregate were carried out in a study [Hefer et al. 2005] . In order to improve the adhesion of bitumen to aggregates, adhesives agents are often used, which alter the physicochemical nature of the contact between aggregate and bitumen [Cui et al. 2014] . Adhesive agents reduce the surface tension of the bitumen and reduce the contact angle which forms at the junction of three phases: binder, aggregate and water. For many years a range of methods has been employed to check the resistance of asphalt to water and frost. Over the years, the most popular method was AASHTO T 283 and then the similar EN 12697-12. Currently, there are also other, new test methods such as SATS (Saturation Ageing Tensile Stiffness) [Airey et al. 2008 ] are used. In Poland, as in many European countries belonging to CEN, the adhesion of bitumen to aggregates is tested according to EN 12691-11 (Method A: rolling bottle test). In 2010, a new procedure was introduced in Poland for the testing of asphalt according to EN 12697-12 (the ITSR method) involving the freezing of water-saturated cylindrical samples at temperatures down to -18°C and then heating them in a water bath at 60° C. Despite the similarities to the US procedures according to AASHTO T 283, the results obtained in the laboratory were significantly lower than those required by national law. A number of research studies carried out in Poland in the years 2011-2014 showed no direct link between the results of studies using the rolling method (EN 12697-11) and the results obtained by ITSR with the procedure of freezing and heating (EN 12697-12) [Krajewski et al. 2012 [Krajewski et al. , 2013 Błażejowski et al., 2013; Witczak 2014] . Simultaneously, research studies were in progress to adjust the national ITSR procedure, which ended in 2013 [Sybilski et al, 2013] .
THE RESEARCH PROGRAMME
The aim of the research programme was to test the hypothesis that the method of preparing the sample of aggregate coated with bitumen for the rolling bottle test according to EN 12697-11 differentiates the test results of adhesion, i.e. affects the durability of the film of bitumen on the aggregate. The authors developed an original method with a working title "BOP", which introduced significant changes in the methods of sample preparation with regard to the standard procedure for the rolling in water test. The different options of sample preparation of samples of aggregate with bitumen were to correspond to the procedure for dealing with asphalt cylindrical samples in the ITSR test. The research programme involved checking the degree of adhesion of paving grade bitumen 35/50 to acidic aggregate (granite) and alkaline aggregate (limestone). The samples of paving bitumen were subjected to hardening by the Rotating Flask Test (RFT according to EN 12607-3) in two forms: single and triple hardening. Then the aggregate was coated with bitumen, after which there were four options for dealing with the samples thus obtained. Each of the options of the prepared samples was studied using the rolling bottle method according to EN 12697-11, into which additional operations were introduced such as: freezing the bitumen-coated aggregate at -18°C, conditioning the aggregate in water before and after coating in bitumen, rolling in an aqueous solution of NaCl. The BOP method was particularly different to the standard method in that the bitumen-coated aggregate was heated to 160°C. In the standard rolling test, samples of aggregate are not subjected to heating after coating in bitumen. The study also used a number of adhesives to improve the adhesion of bitumen to the aggregate. The authors of the method assumed that, after the introduction of significant changes to the method of sample preparation, they would achieve different adhesion results according to EN 12697-11 (A) which would at a later stage be able to be correlated with the ITSR test results (the planned second stage of the study).
THE MATERIALS USED FOR THE STUDY

Samples of bitumen 35/50
The study used samples of paving grade bitumen 35/50 according to EN 12591 with the parameters listed in Table 1 . Studies of adhesion to aggregate were carried out using non-hardened bitumen, and bitumen following single and triple hardening. The bitumen was subjected to hardening by the RFT method in accordance with the EN 12607-3:2010 standard. 
Aggregates
Two types of aggregate were used for the adhesion test: crushed limestone, which was alkaline, and crushed granite, which was acidic. In both cases the 8/11 mm. fraction was used.
Adhesive agents
Four different agents were used in the study to improve the adhesion of bitumen to the aggregate surface. Some basic information about the properties of the adhesives is shown in Table  2 . The share of each agent in the bitumen amounted to 0.5% m/m. 
METHOD OF SAMPLE PREPARATION
0.5% m/m of selected adhesive agent was introduced into the bitumen at a temperature of 150°C.The aggregate was coated with bitumen in accordance with p. 3.1. according to the procedure set out in EN 12697-11. The further procedure was determined by one of the options of the BOP method.
BOP IB option
The sample of aggregate coated in bitumen was heated at 160°C for 4 hours, after which it was placed on silicone paper and left at ambient temperature for 24 hours. Next adhesion was determined according to EN-12697 ("rolling bottle test") in water.
BOP IIA option
The sample of aggregate coated in bitumen was heated at 160°C for 2 hours, after which it was placed on silicone paper and left at ambient temperature for 24 hours. The sample was then placed in a sealed plastic bag containing 10 ml of distilled water and frozen at a temperature of -18°C for 4 hours, after which the sample was thawed in a water bath at 60°C for 2 hours. Then adhesion was determined according to EN-12697 ("rolling bottle test") in water.
BOP IIB option
The sample of aggregate coated in bitumen was heated at 160°C for 2 hours, after which it was placed on silicone paper and left at ambient temperature for 24 hours. The sample was then placed in a sealed plastic bag containing 10 ml of distilled water and frozen at a temperature of -18°C for 4 hours, after which the sample was thawed in a water bath at 60°C for 2 hours. Then adhesion was determined according to EN-12697 ("rolling bottle test") in an aqueous solution of 7% NaCl.
BOP IIC option
The sample of aggregate coated in bitumen was heated at 160°C for 2 hours, after which it was placed on silicone paper and left at ambient temperature for 24 hours. The sample was then placed in a sealed plastic bag containing 10 ml of distilled water and frozen at a temperature of -18°C for 4 hours, after which the sample was thawed in a water bath at 60°C for 2 hours. After thawing the sample was again placed in a plastic bag and the cycle of freezing and thawing was repeated once. Then adhesion was determined according to EN-12697 ("rolling bottle test") in an aqueous solution of 7% NaCl. This option was added to check the effect of more than one cycle of freezing and thawing and complete rolling bottle tests were not performed with all the types of adhesive agents.
A summary of all the stages of the treatment of the samples is presented in Table 3 . 
RESULTS
The adhesion of bitumen to aggregate, determined by the methods described in point. 4.1-4.4, was evaluated visually by specifying the percentage of unwashed-out visible surface of the aggregate sample. The test results were analysed for an assessment of the effectiveness of the "BOP" methods employed. Figure 1 shows the results of test of the adhesion of bitumen 35/50 to granite and limestone, without the addition of adhesive agents, labelled "standard rolling bottle test" and the BOP IB -BOP IIC methods.
Fig. 1. Adhesion of bitumen 35/50 to granite and limestone labelled "standard rolling bottle test" and "BOP" methods
The adhesion of bitumen to limestone (basic aggregate) for all the samples, determined by both the standard and BOP methods was the same and amounted to 90%. However, the adhesion of bitumen to acidic aggregate -granite, labelled standard "rolling bottle test", was 10% and was significantly lower than the adhesion determined by the BOP methods (80-85%). It should be noted that the samples determined in accordance with EN-12697-11 were not treated by prior heating at 160°C, as was the case in all the samples assayed by the BOP method options. The optimum heating time for the sample can be taken as 2 hours (methods: BOP IIA, BOP IIB, BOP IIC) as any further extension of the heating time did not significantly affect the degree of adhesion (BOP method IB).
The following graphs show the results of the degree of coverage of the aggregate with bitumen before and after hardening by the RFT method, determined by the BOP IB, BOP IIA and BOP IIB methods using adhesive agents: The studies showed that different methods of sample preparation ("BOP"), which are a modification of the standard "rolling bottle test", do not significantly affect the degree of washout of the bitumen from the surface of the aggregate and do not affect the results obtained for adhesion.
The adhesion of bitumen to the granite and limestone, determined by all the BOP methods, was comparable. The further freezing of samples, rolling in an aqueous NaCl solution, conditioning of the aggregate in water before and after coating with bitumen, had no effect on the degree of washout of the binder from the surface of the aggregate. It was found that a decisive effect on the adhesion of bitumen to the aggregate was the heating of the aggregate coated with bitumen at 160°C. The adhesion of paving grade bitumen 35/50 to aggregates using the adhesive agents employed in the study determined by the BOP IB, BOP IIA, and BOP IIB methods was similar and ranged from 80-90%. The addition of an adhesive agent did not significantly affect the results. The adhesion of bitumen to the alkaline aggregate determined by the BOP IB, BOP IIA and BOP IIB methods was slightly greater than adhesion to an acidic aggregate. However, the difference observed was not as great as was observed when samples were prepared according to standard procedures.
CONCLUSIONS
Summing up the range of results, the following basic conclusions can be made:  The adhesion of bitumen to mineral aggregate is determined by mechanical factors -the degree of moistening and dust of the aggregate, the micro-texture of the aggregate, the granulation of the mineral mix and the physicochemical -chemical nature of aggregate (acidic, alkaline, in-between) as well as the physicochemical properties of the bitumen, such as viscosity and adhesion, which depend on the content of acidic compounds.  In relation to the original procedure according to EN 12697-1 (method A) the basic difference of the options BOP-IB to BOP-IIC employed was the stage of heating the aggregate coated with a layer of bitumen. For this reason differences arose between the results of the standard procedure and the BOP options: o adhesion to limestone in both cases, standard and modified, was very good and was over 90%, o adhesion to granite was 10% in the standard method, and in the BOP modified options it ranged from 80-85% (even without the addition of an adhesive agent), which may be explained by the much higher viscosity of the adhesive coating the aggregate grains after heating at 160°C, moreover, the heating probably caused a significantly greater binding of binder to the surface (microstructure) of the grains, o adhesion of bitumen to granite and limestone, determined by all the BOP methods was comparable and was 80-90%; therefore, the type of material used to produce the aggregate (acidic, alkaline) did not affect the adhesion of bitumen; all the BOP options offset this impact, o additional freezing of samples, rolling in an aqueous solution of NaCl, conditioning the aggregate in water before and after coating with bitumen, had no effect on the degree of washout of the binder from the aggregate surface.  Where different adhesive agents were used, the phase of heating aggregate coated with bitumen at 160°C for a period of 2 or 4 hours eliminates their impact on the rolling bottle test result.  There were no significant differences in the degree of adhesion determined by the BOP methods, so the planned ITSR tests were not carried out on the asphalts.
SUMMARY
The test results demonstrate that the different methods for the determination of adhesion, which are a modification of the rolling bottle test according to EN 12697-11 (Method A), in which different mechanisms are used for separating the binder from the surface of the aggregate, do not affect the degree of washout of the bitumen from the surface of the aggregate and do not diversify the obtained results. A basic influence on this effect is exerted by the heating of aggregate coated with bitumen at 160°C for 2 or 4 h. This effect is so significant that it eliminates the conditioning with freezing, rolling in NaCl solution or the presence of the adhesive agent. Taking into account the enormous impact of heating the bitumen-coated aggregate on the durability of the adhesion of the film of bitumen to the surface of the aggregate, including acidic aggregate, one can wonder about the impact of the storage time and temperature of the asphalt in the silo after production (usually at a temperature of about 160°C). The resulting increase in viscosity of the asphalt during this time on the surface of the aggregate should significantly increase the durability of the adhesion of bitumen to the aggregate surface. 
